This paper discusses the integration between GIS and hydrological models and presents a case study relating to the upper section of Moulouya River Basin (UMRB) situated in the east of Morocco. The Basin is an inland watershed with a total area of approximately 10,000 km 2 , stretching in the junction between the Middle Atlas, the High Atlas Mountain and the Middle Moulouya basin. From ArcGIS ArcHydro framework data models, different parameters of the Moulouya River and its catchment area have been defined. DEM based ArcHydro model was run on Aster-GDEM V2 data at a horizontal spatial resolution of 30 meters. Several raster and vector products of the Upper Moulouya River and its catchment area have been defined at the end of the model. Final results of the models were discussed and compared with the reality. These results can be used in baseline for advanced hydrology and geomorphology research on the catchment area. They can support for decisionmaking on ground and surface water resource, distribution and management.
Introduction
Hydrologic models are simplified, conceptual representations of a part of the hydrologic, or water cycle. They are primarily used for hydrologic prediction and for understanding hydrologic processes. Hydrologic models lay hydrologic and topographic parameters. The use of topographic maps for extracting characteristics of the watershed, such as stream network and catchment delineation is essential. This traditional method consists of drawing lines to connecting elevation points and contour lines. This manual delineation of drainage networks and catchments has been widely replaced by the automatic extraction from Digital Elevation Model (DEMs) [1] [2] [3] .
Digital elevation models (DEMs) have been frequently used for the morphometric analysis of river basins through the extraction of topographic parameters and stream networks. They have been used in a variety of studies where terrain and drainage factors play prominent roles. Numerous studies on morphometric analysis from DEMs have been carried out across the world in recent years (e.g. [4] - [10] ). In Morocco, some of our studies where DEMs have been used for river basin analysis, estimation of soil loss, water resource evaluation and topographic characterization include [11] [12] [13] and [14] .
This study estimate elevation profiles, stream networks and morphometric parameters derived from freely available DEM products as well as from topographical maps of different scales for the Upper Moulouya river basin. The different preliminary products were re-sampled to a common resolution (30 m [20] ). Many GISbased tools have been developed. The "Hydrology" toolset in ArcGIS, developed by Esri [21] , has been commonly used for DEM preprocessing and surface stream simulation. WinBasin is a watershed analysis system that can automatically calculate depressionless flow directions, delineate watersheds/sub-watersheds, extract realistic drainage networks, and calculate geomorphologic indices and hydrological responses from DEMs [22] . NRCS GeoHydro is an ArcGIS application that can compute catchments, drainage points, drainage lines, and crosssection details for a storm event hydrologic model [23] . Arc Hydro is ArcGISbased system geared to support application involving water surface resources and groundwater information.
Water erosion and resulting solid transport are the result of the combined action of many factors including geometric, topographic, lithological, soil and anthropogenic factors. All these factors characterize the Upper Moulouya watershed. The objective of this study is to extract, for the first time, the hydrological characteristics of the Upper Moulouya watershed, with a view to future studies of the other factors. The stream network and catchment in the study area will be modelled based on DEMs using Arc Hydro tools.
Data Required and Software Used for the Study
The major data used for the study was the 30 m DEM (ASTER-GDEM V2) available for free and downloaded from the NASA server (https://earthdata.nasa.gov/), Groundwater, ArcScene and ArcGIS 9.3 software were used for the analysis [24] .
ArcHydro is a hydrologic information system that is a synthesis of geospatial and temporal data supporting hydrologic analysis and modelling [25] . This software provides a compact data structure for storing the most important geospatial data. ArcHydro framework contains geospatial information organized in several levels: geodatabase, feature data set, geometric network, feature class and relationship elements (for more details, see [25] ). These levels have the same projection system and spatial reference frame. The feature classes are collections of geometric objects (points, lines, or polygons) that share common themes and attribute types of the watershed of interest.
Preparation of these data is needed before the database can be loaded into the ArcHydro database. We defined the outline of the Upper Moulouya watershed boundary on the basis of topographic information. We first identified the watershed boundaries by manually drawing them onto paper topographic maps.
We then compared and correct to delineate watershed on the basis of DEM.
For this study, we used WGS-84 as Geographical coordinate system. All the maps where geo-referenced to Merchich Morocco geographical coordinate system and converted to WGS84 to use and share resulting maps in Google-Earth.
Studied Area
The Moulouya river, called Marwacht in Berber, is a 600 km-long river in east- Ansegmir (Figure 1) shows that the annual average is 13˚C (Figure 2 ). It is clearly contrasted by a very hot and stormy summer (33.8˚C in July) and a cold winter (−1.3˚C in January). It is endowed with a dry continental atmosphere relatively cool when the western winds dominate [26] . The average annual rainfall received over the basin area is about 300 mm. It varies between 210 mm downstream (Ansegmir station) and rise up to 379 mm by climbing the Mountainous borders (Oufounes station), with occasional heavy cloud bursts and the area is sometime subjected to snowfall occurring between November and February. Figure 3 shows that the precipitation regime is characterized by two maxima: the highest is in November-December, the second in March on the western border, and in April on the southern edge.
The perimeter of the watershed is about 554 Km and the surface is 9660 Km 2 .
The Gravelius compactness index was thus evaluated at KG = 1.54 > 1. The general watershed is therefore rather elongated, which gives an idea of the peak flow: the flood hydrograph is of damped form. Indeed, the rainfall received flows on the surface until the outlet. In the case studied, the arrival time of a shower at a given point is reduced compared to a rounded drainage basin. Geologically, the rocks exposed within the basin range from the Palaeozoic to the Quaternary (Figure 4) . The Palaeozoic basement is formed by schist and granitic terrains attributed to the Cambro-Ordovician [27] . The schists are metamorphosed and intruded by granitoids of age 330 ± 2 Ma [28] . The Mesozoic cover rests in very pronounced angular discordance on the palaeozoic [29] .
It begins with red detrital clay-salt formations of the Triassic. The Jurassic series is represented by strongly karstified limestones and dolomites [30] . On all this detrital cover, the thicknesses are reduced, especially when approaching the buttonholes, under the action of erosion [31] and also of the fact that these buttonholes remain after the Triassic in a high position [32] . The Cretaceous (Cenomanian) begins with conglomerates with calcareous or sandstone cement, sandstones, clays and marls [33] and continues with Turonian limestones in bars intercalated by beds of clay [34] . The Tertiary is represented by continental Palaeogene deposits (conglomerates, sandstones and marls, and sand dolomites) followed by clayey-conglomerates, lacustrine limestones, marls and gypsums of the Neogene [35] . The Quaternary consists of fluvial terraces and basaltic formations (small cone of projection of Bou Idarne and the cone of Touguejdid to the north of Boumia [32] ). 
ArcHydro Modeling for Watershed Delineation
The procedure used for watershed delineation in ArcHydro involves a sequence of steps accessed through the toolbar menus. They concern Terrain pre-processing and Watershed processing. For this study, the ArcHydro version 1.4 was util- After linking the stream grid using the Stream segmentation function, the stream Link grid map was produced (Figures 5(d)-5(f) ). It represents headwater tributaries or segments between confluences, with each segment assigned a unique grid code identifier [38] . Based on this map (the values held by each stream segment), 50 catchments or sub-basins were created using the "Catchment Grid To facilitate the definition of entry and exit points, the next step generated aggregated adjoint catchment by "Adjoint Catchment Processing" function [41] .
The resulting map represents the cumulative upstream area of each stream segment that was not a headwater segment. Finally, drainage points which are point features placed at the transfer points between adjacent catchments were generated using the "Drainage point Processing" (Figures 5(d)-5(f) ). 50 points were 
ArcHydro Modeling for Watershed Processing
Watershed processing functionality permits to delineate watersheds and sub- 
ArcHydro Modeling for Network Extraction
The Network Tools provide vector network and concern the use of Hydro Net- Finally, this work is considered as a first version of modelling results in the Upper Moulouya basin, using mainly geospatial data (altimetry, mapping). Future studies will go further, to include climate and hydro-geological parameters and data that complement hydrological and hydrogeological modelling.
